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(57) ABSTRACT 
All interface pins for transmitting and receiving a signal hav 
ing a predetermined function of a semiconductor integrated 
circuit element are formed on an outer periphery of the semi 
conductor integrated circuit element along one side of the 
semiconductor integrated circuit element. The one side of the 
semiconductorintegrated circuit element is adjacent to two of 
sides of a BGA substrate, the two sides being not parallel to 
the one side. Of balls provided on the BGA substrate, balls 
electrically connected to the interface pins for transmitting 
and receiving a signal having a predetermined function are 
provided between the one side of the semiconductor inte 
grated circuit element and the two sides of the BGA substrate. 

6 Claims, 5 Drawing Sheets 
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SEMCONDUCTORDEVICE AND 
ELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of PCT International Application 
PCT/JP2010/001241 filed on Feb. 24, 2010, which claims 
priority to Japanese Patent Application No. 2009-184381 
filed on Aug. 7, 2009. The disclosures of these applications 
including the specifications, the drawings, and the claims are 
hereby incorporated by reference in their entirety. 

BACKGROUND 

The present disclosure relates to semiconductor devices 
and electronic devices, and more particularly, to semiconduc 
tor devices including a semiconductor integrated circuit ele 
ment and a BGA substrate on which the semiconductor inte 
grated circuit element is mounted, and electronic devices 
including the semiconductor devices. 

In order to reduce the size and cost of an electronic appa 
ratus which processes high-speed and high-resolution mov 
ing images, such as a high-definition digital television, all 
functions may be integrated into a single semiconductor chip. 
Therefore, microfabrication technology has been advanced 
for wafer processing of semiconductor elements, leading to a 
reduction in chip area. It is, however, necessary to enable a 
so-called system LSI (System on a chip) to process images in 
a high-definition digital television while transmitting and 
receiving a large amount of data to and from a peripheral 
memory element. In this case, the data transfer rate between 
the memory element and the system LSI is typically becom 
ing 1.3 Gbps or more. 

Examples of a mainstream packaging for a system LSI are 
a plastic ball grid array (P-BGA) package, which employs 
wire bonding, and a flip chip BGA (FCBGA) package, which 
employs solder bumps etc. These packages are capable of 
providing a large number of input and output signal lines and 
Supplying large or various powers. 

There is also a demand for a smaller semiconductor device 
incorporated in an electronic apparatus in order to reduce the 
area of the semiconductor device mounted on an interconnect 
substrate. In an effort to meet these requirements, for 
example, a system-in-a-package (hereinafter referred as an 
“SiP), which is a plurality of semiconductor chips enclosed 
in a single package, has been employed. 

High-speed multi-bit data transfer between a plurality of 
memories may be achieved in a semiconductor device as 
follows. Semiconductor chips are connected together using 
short interconnects to reduce a signal delay time, thereby 
reducing a degradation in the performance of the mounted 
semiconductor chips and an increase in the areas of the chips 
mounted on the Substrate in the semiconductor device. Spe 
cifically, there is a proposed semiconductor device (a system 
in-a-package or a multi-chip package) in which each memory 
element is provided with a plurality of chip interconnect pads 
for interfacing with signal interconnects input and output in 
common between the memory elements, and a plurality of 
pads for receiving signals (e.g., a data signal, an address 
signal, a control signal, etc.) required for operation of the 
memory element are arbitrarily connected to the chip inter 
connect pads via interconnects in each memory element. In 
the semiconductor device, by connecting the memory ele 
ments in series using these pads and external interconnects, 
the length of the interconnect between each semiconductor 
chip can be reduced, whereby the signal delay time can be 
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2 
reduced, and therefore, a degradation in the performance of 
the mounted semiconductor chips and an increase in the area 
of the chips mounted on the semiconductor device can be 
reduced (see, for example, Japanese Patent Publication No. 
2006-49586). 

SUMMARY 

However, there is a problem with the structure of Japanese 
Patent Publication No. 2006-49586 that a dedicated memory 
element for transmitting a signal is required in the memory 
device and cannot be replaced with a general-purpose 
memory element. Also, the memory elements are arranged in 
a straight line, and therefore, for Some interconnect lengths, a 
data bus can perform “on-device termination (ODT) in a 
high-speed transmission memory. However, in some cases, 
an address bus may require a terminating resistor, so that an 
extra interconnection region may disadvantageously be 
required. 
When two memory elements are used, then if, for example, 

high-speed data transmission interface terminals (hereinafter 
referred to as IO terminals) are arranged in an L-shape at a 
corner portion of the system LSI, the area of the memory 
elements mounted on the PCB is preferably reduced. In this 
structure, however, a dead (useless) space is likely to occur in 
the layout of the system LSI. If all the IO terminals are 
provided on one side of the system LSI, the area of the system 
LSI can be reduced, leading to a reduction in cost of the 
system LSI. Therefore, it is very desirable that the IO termi 
nals be arranged in a straight line on one side of the LSI 
circuit. Also, when the bit width is increased, it is more 
efficient to form one more IO terminal cell in two perpendicu 
lar directions, and therefore, the IO terminals are often pro 
vided on one side. 

In this structure, the LSI circuit mounted on the BGA and 
the two memory elements may be arranged as follows. 

(1) Two LSI Substrates are arranged in an L-shape on a 
corner portion of a BGA substrate on which an LSI circuit is 
mounted, with the corner being interposed between the two 
LSI substrates. Balls provided at the corner portion of the 
BGA substrate are joined to memory IO terminals of the LSI 
circuit, and the corner balls and the memory elements are 
joined together. 

(2) The IO terminals of an LSI circuit are joined to balls 
provided on one side of a BGA substrate facing the IO termi 
nal cell, and the two memory elements are arranged along the 
one side of the BGA substrate and joined to the balls. 
The structure of (1) has the following problem. There is an 

imbalance between the lengths of interconnects to the left and 
right memory elements on the BGA substrate, and therefore, 
there is a difference in data transmission time between the left 
and right memory elements, likely leading to a malfunction. 
The structure of (2) has a longer address bus and control 

signal bus, and therefore, a terminating resistor is often 
required for high-speed transmission. Therefore, the structure 
(2) has the following problem. The area of memories on a 
mounting substrate on which the BGA substrate and the 
memory devices are mounted is larger than that of the 
memory arrangement of (1), resulting in an increase in cost of 
the mounting Substrate and a disadvantage to the size reduc 
tion of the mounting Substrate. 
The present disclosure describes implementations of a 

BGA packaging structure in which signals can be transmitted 
from all IO terminals having specific functions of a semicon 
ductor integrated circuit element to balls on a BGA substrate, 
quickly and in Substantially the same length of time. 
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An example semiconductor device includes a semiconduc 
tor integrated circuit element, and a Substrate on which the 
semiconductor integrated circuit element is mounted. The 
semiconductor integrated circuit element is in the shape of a 
polygonal plate. The Substrate is in the shape of a polygonal 
plate. An interface pin or pins for transmitting and receiving 
a signal having a predetermined function of the semiconduc 
tor integrated circuit element are all formed on an outer 
periphery of the semiconductor integrated circuit element 
along one side of the semiconductor integrated circuit ele 
ment. The one side of the semiconductor integrated circuit 
element is adjacent to two of sides of the substrate, the two 
sides being not parallel to the one side. Of electrode terminals 
provided on the substrate, an electrode terminal or terminals 
electrically connected to the interface pin or pins for trans 
mitting and receiving a signal having a predetermined func 
tion are provided between the one side of the semiconductor 
integrated circuit element and the two sides of the substrate. 
The interface pin or pins for transmitting and receiving a 

signal having a predetermined function may be a plurality of 
memory data IO terminals, a plurality of control signal IO 
terminals, and a plurality of address IO terminals, and may be 
arranged along the one side of the semiconductor integrated 
circuit element in the order of the memory data IO terminals, 
the control signal IO terminals, the address IO terminals, and 
the memory data IO terminals, or in the order of the memory 
data IO terminals, the control signal IO terminals, the address 
IO terminals, the control signal IO terminals, and the memory 
data IO terminals. With this configuration, even when a plu 
rality of memory elements are used, the lengths of the 
memory data bus and the address bus can be equalized. 
Of the electrode terminals, electrode terminals electrically 

connected to the address IO terminals may be located at a 
corner portion formed by the two sides of the substrate, and 
electrodeterminals electrically connected to the memory data 
IO terminals may be located along the two sides with the 
corner portion being interposed therebetween. With this con 
figuration, when a plurality of memory elements are provided 
outside the Substrate, the lengths of the memory data bus and 
the address bus can be equalized. 
A line passing through the angle formed by the two sides of 

the Substrate and intersecting at right angles with the one side 
of the semiconductor integrated circuit element, may pass 
through a region where the address IO terminals are located. 

The semiconductor integrated circuit element may be in 
the shape of a rectangular plate. With this configuration, when 
a plurality of memory elements are provided outside the 
Substrate, the lengths of the memory data bus and the address 
bus can be easily equalized. 
An example electronic device of the present disclosure 

includes the above semiconductor device and two memory 
elements. The two memory elements are adjacent to the two 
sides of the substrate, and an interconnect between the 
address IO terminals and address bus terminals of the two 
memory elements has a T-branched shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing how an FCBGA 
semiconductor device according to an embodiment and two 
memory elements are mounted on a PCB, as viewed at an 
angle from above. 

FIG. 2 is a schematic diagram showing an arrangement of 
IO terminals in a system LSI according to an embodiment, an 
arrangement of ball terminals provided on a BGA substrate 
for joining the BGA substrate to a PCB, a positional relation 
ship between the two memory elements on the PCB, and a 
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4 
positional relationship between bus line paths between the IO 
terminals of the system LSI and the memory elements. 

FIG. 3 is a schematic diagram showing a multi-chip mod 
ule (MCM) or a system-in-a-package (SiP) according to an 
embodiment on which a plurality of LSI elements are 
mounted. 

FIG. 4 is a schematic diagram showing a high-speed 
memory interface arrangement of a system LSI in a related 
technique and a configuration or structure in which two gen 
eral-purpose memories for high-speed data transmission are 
used. 

FIG. 5 is a schematic diagram showing an example high 
speed data transmission IO terminal structure provided on 
one side of a system LSI and an example configuration or 
structure in which two general-purpose memories for high 
speed data transmission are used. 

FIG. 6 is a schematic diagram showing another example 
high-speed data transmission IO terminal structure provided 
on one side of a system LSI and another example configura 
tion or structure in which two general-purpose memories for 
high-speed data transmission are used. 

FIG. 7 is a schematic enlarged view of a back surface of a 
BGA substrate. 

FIG. 8 is a schematic enlarged view of electrode pads 
(interface pins) formed on a circuit-mounted area of a semi 
conductor integrated circuit element. 

FIG. 9 is a schematic plan view of a semiconductor device 
according to a second embodiment. 

FIG.10 is a schematic plan view of a semiconductor device 
according to a third embodiment. 

DETAILED DESCRIPTION 

The term “BGA substrate” as used herein refers to a ball 
grid array substrate. The term “interface pin' as used herein 
refers to an input/output (IO) terminal provided in a semicon 
ductor integrated circuit element. 
The term “predetermined function' as used herein with 

respect to a semiconductor integrated circuit element refers 
to, for example, a function of transmitting and receiving data 
to and from a peripheral memory element, a function of 
processing a control signal input from external circuitry, etc. 
The term “outer periphery in which interface pins are 

formed as used herein with respect to a semiconductor inte 
grated circuit element refers to a portion of the semiconductor 
integrated circuit element which is provided outside a polygo 
nal central portion of the semiconductor integrated circuit 
element and in the vicinity of one side of the semiconductor 
integrated circuit element. 
The phrase "located along one side of a semiconductor 

integrated circuit element in the order of memory data IO 
terminals, control signal IO terminals, address IO terminals, 
and memory data IO terminals, or memory data IO terminals, 
control signal IO terminals, address IO terminals, control 
signal IO terminals, and memory data IO terminals' means 
that a plurality of terminals of each type are grouped, the 
memory data terminals form at least two terminal groups, and 
these terminal groups are arranged along one side of the 
semiconductor integrated circuit element in the above order. 
The term “corner portion formed by two sides of a BGA 

substrate” refers to a sector-shaped region which is located in 
the vicinity of an angle formed by the two sides and has a 
radius equal to half a distance between the angle and the 
semiconductor integrated circuit element. 
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The phrase “two memory elements are adjacent to two 
sides of a BGA substrate” means that the memory elements 
are adjacent to and does not need to contact the sides of the 
BGA substrate. 
The term “T-branched interconnect” does not mean that the 

interconnect has a T-shaped external appearance, but means 
that the interconnect extending from an address IO terminal is 
divided into two branches which are connected to two respec 
tive memory elements. 

Before describing embodiments, results of preliminarily 
studying related techniques will be described. 

FIG. 4 shows a configuration which has been preliminarily 
studied and in which two general-purpose memories 23 and 
24 for high-speed data transmission are used for a system LSI 
20. The system LSI 20 is mounted in a BGA package 21. The 
BGA package 21 and the memories 23 and 24 are mounted on 
a printed circuit board (PCB) 22. A memory interface (TO 
terminals) 37 of the system LSI 20 is arranged in an L-shape 
around a corner portion of the system LSI 20. A region 36 
where a plurality of address bus terminals and control termi 
nals are provided is provided at a center portion of the corner 
portion. Two regions 34 and 35 where a plurality of data 
terminals are provided are provided on opposite sides of the 
address bus terminals and the control terminals. 
The system LSI 20 is mounted on the BGA package 21 so 

that the sides of the system LSI 20 are substantially parallel to 
the respective corresponding sides of the BGA package 21. A 
plurality of ball terminals which are provided on a back 
surface of the BGA package 21 are electrically connected to 
the address terminals, control terminals 36, and data termi 
nals 34 and 35 of the memory interface (JO terminals) 37 of 
the system LSI 20 via interconnects. The ball terminals are 
arranged in an L-shape at the corner portion of the BGA 
package 21 so that a distance between the interface 37 of the 
system LSI 20 and the ball terminals of the BGA package 21 
which are connected together is minimized. The BGA pack 
age 21 and the two memories 23 and 24 are provided on the 
PCB 22 so that distances between regions 28 and 29 of the 
data terminal ball groups of the BGA package 21 and data 
buses 25 and 26 are minimized. An address bus/control signal 
bus 27 is extended from the corner portion of the BGA pack 
age 21 and is then divided into two branches (the address 
bus/control signal bus 27 is formed into a so-called T-shape) 
which are connected to the respective corresponding memory 
elements 23 and 24. By arranging the memory elements 23 
and 24 in this manner, the area of the memory elements 
(including the interconnection region) mounted on the PCB 
22 is reduced. 

Mounting to the BGA package is performed using either 
P-BGA, which employs wire bonding, or FCBGA, which 
employs flip chip. 

In the above structure, however, a dead (useless) space is 
likely to occur in the layout of the system LSI 20. If all the IO 
terminals are arranged on one side of the system LSI, the area 
of the system LSI can be reduced, leading to a reduction in 
cost of the system LSI. Therefore, it is preferable to arrange 
the IO terminals in a straight line on one side of the LSI. Also, 
when the bit widthis increased, it is more efficient to form one 
more IO terminal cell in two perpendicular directions, and 
therefore, the IO terminals are often provided on one side. 
Therefore, the following two structures are contemplated. 

In a structure shown in FIG. 5, high-speed data transmis 
sion IO terminals 18 are arranged in one side of a system LSI 
1 in the order of a data terminal group 15, an address terminal 
group, a control terminal group (the combination of the 
address terminal group and the control terminal group is 
indicated by a reference character 17), and a data terminal 
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6 
group 16, or in the order of the data terminal group 15, the 
control terminal group/address terminal group 17, and the 
data terminal group 16. On the other hand, two memory 
elements 4 and 5 are mounted on a PCB 3 so that a corner of 
the PCB 3 is interposed between the memory elements 4 and 
5. In order to reduce the area of the memory elements 
mounted on the PCB 3, an address bus/control bus 8 is 
arranged in a T-branched shape relative to a corner of a BGA 
substrate 2. In this case, address bus terminal balls 11 are 
provided on a corner portion of the BGA substrate 2, and data 
bus terminal balls 9 and 10 are provided on opposite sides of 
the corner portion of the BGA substrate 2. In such an arrange 
ment, complicated interconnection is required on the BGA 
substrate 2, and there is an imbalance between the lengths of 
data buses 12 and 13 to the left and right memories 4 and 5. 
and therefore, there is an imbalance in data transmission time, 
likely leading to a malfunction. 

In a structure shown in FIG. 6, high-speed data transmis 
sion IO terminals 18 are arranged in one side of a system LSI 
2 in the order of for example, an address terminal group/ 
control signal terminal group 17, a data terminal group 16, 
and another data terminal group 15, and balls are provided on 
one side of the BGA substrate 2. In this case, two memory 
elements 4 and 5 may need to be arranged so that address bus 
terminal balls/control signal terminal balls 11, data bus ter 
minal balls 10, and other data bus terminal balls 9 are 
arranged in a so-called “fly-by' topology to reduce an inter 
connection region of data buses 6 and 7 to the extent possible. 
In this case, an address bus/control signal bus 8 is long, and 
therefore, a terminating resistor 38 is often required during 
high-speed transmission. In Such a configuration, the area of 
the memories on the PCB 3 is larger than that of the memory 
arrangement of FIG. 5, leading to an increase in cost of the 
PCB 3 and a disadvantage to size reduction. 

Based on these and other studies, the present inventors 
have achieved the present disclosure. 

Embodiments of the present disclosure will be described in 
detail hereinafter with reference to the drawings. In the draw 
ings, components having Substantially the same functions are 
indicated by the same reference characters for the sake of 
simplicity. 

First Embodiment 

FIG. 1 is a schematic diagram showing how an FCBGA 
semiconductor device according to a first embodiment and 
two memory elements 4 and 5 are mounted on a PCB 3, as 
viewed at an angle from above. FIG. 2 is a schematic diagram 
showing an arrangement of IO terminals in a system LSI 1 of 
this embodiment, an arrangement of ball terminals provided 
on a BGA substrate 2 for joining the BGA substrate 2 to the 
PCB 3, a positional relationship between the two memory 
elements 4 and 5 on the PCB 3, and a positional relationship 
between bus line paths between the IO terminals of the system 
LSI 1 and the memory elements 4 and 5. 

Here, a reference character 6 indicates a first data bus line 
path connected to the first memory element 4, a reference 
character 7 indicates a second data bus line path connected to 
the second memory element 5, a reference character 8 indi 
cates an address bus line path/control signal line path con 
nected to the first and second memory elements 4 and 5, a 
reference character 9 indicates a first data bus ball group 
connected to the first memory element 4, a reference charac 
ter 10 indicates a second data bus ball group connected to the 
second memory element 5, a reference character 11 indicates 
an address ball group/control signal ball group connected to 
the first and second memory elements 4 and 5, a reference 
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character 15 indicates a first data IO terminal group provided 
on the LSI 1, a reference character 16 indicates a second data 
IO terminal group provided on the LSI 1, a reference charac 
ter 17 indicates an address IO terminal group/control signal 
IO terminal group provided on the LSI 1, a reference charac 
ter 18 indicates an IOcell in which the first data IO terminal 
group 15, the address IO terminal group/control signal IO 
terminal group 17, and the second data IO terminal group 16 
are arranged in a line, a reference character 12 indicates a first 
data bus connecting the first data bus ball group 9 and the first 
data IO terminal group 15 together, a reference character 13 
indicates a second data bus connecting the second data ball 
group 10 and the second data IO terminal group 16 together, 
and a reference character 14 indicates an address bus/control 
signal bus connecting the address IO terminal group/control 
signal IO terminal group 17 and the address ball group/con 
trol signal ball group 11 together. 
As shown in FIGS. 7 and 8, a large number of hemispheri 

cal balls 50, 50, ... are arranged on a back surface of the BGA 
substrate 2, and a large number of interface pins 52, 52, ... are 
arranged on a circuit-mounted Surface of the LSI 1. 

In this embodiment, the LSI 1 is in the shape of a rectan 
gular plate, and the BGA substrate 2 is also in the shape of a 
rectangular plate. The LSI 1 and the BGA substrate 2 are 
stacked on each other and tilted relative to each other so that 
corresponding sides thereofare not parallel to each other. The 
memory IO cell 18 of the system LSI 1 mounted on the BGA 
package Substrate 2 is all arranged on one side of the system 
LSI 1 in the order of the first data IO terminal group 15, the 
address IO terminal group/control signal IO terminal group 
17, and the second data IO terminal group 16. The system LSI 
1 is mounted on the BGA substrate 2 by flip chip so that the 
length of the address bus/control signal bus 14 is minimized, 
and the first data bus 12 and the second data bus 13 have 
Substantially the same length. 
The first data ball group 9, the second data ball group 10, 

and the address ball group/control signal ball group 11 are 
provided in a region surrounded by a side of the LSI 1 on 
which the IO cell 18 is provided and two sides of the BGA 
substrate 2 adjacent to the side of the LSI 1. The address ball 
group/control signal ball group 11 is located at a corner por 
tion of the BGA substrate2. Therefore, if the LSI 1 is mounted 
on the BGA substrate 2 as described above, the foot of a line 
dropped from the corner of the BGA substrate 2 at which the 
address ball group/control signal ball group 11 is provided to 
the side of the LSI 1 on which the IO cell 18 is provided, is 
located at a portion where the address IO terminal group/ 
control signal terminal group 17 is provided. 
The arrangement of the IO cell 18 of the LSI 1 and the BGA 

substrate 2 is determined so that the first data bus 12, the 
second data bus 13, and the address bus/control signal bus 14 
on the BGA substrate 2 are each minimized. By providing the 
first and second memory elements 4 and 5 on the PCB 3 at 
positions adjacent to the first data bus ball group 9 and the 
second data bus ball group 10, respectively, the lengths of the 
first and second data bus line paths 6 and 7 are minimized, and 
are equalized as much as possible. The address bus line path/ 
control signal bus line path 8 is divided into two branches 
(i.e., formed into a T-shape) to have an equal interconnect 
length to the first and second memory elements 4 and 5. Here, 
a range within which the data bus line paths, and the branches 
of the address bus line path/control signal bus line path, have 
an equal interconnect length means an allowable skew differ 
ence of the memory elements 4 and 5. 
The first and second data buses 12 and 13 on the FCBGA 

substrate 2, and the first and second data bus line paths 6 and 
7 on the PCB 3, all have the same standardized characteristic 
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8 
impedance of, for example, 50 or 75S2. A terminating resistor 
(not shown) may be provided after the first and second data 
bus line paths 6 and 7, or an on-device termination (ODT) 
function may be used, when necessary. Similarly, the address 
bus/control signal bus 14 on the FCBGA substrate 2 and the 
address bus line path/control signal bus line path 8 on the PCB 
3 all have the same standardized characteristic impedance of 
for example, 50 or 75C2. A terminating resistor (not shown) 
may be provided only at the T-branched portion when neces 
sary. Typically, when a reflection waveform which disturbs 
the high and low thresholds of a rectangular waveform is not 
observed, a terminating resistor is not required. 

Although, in this embodiment, FCBGA is used, similar 
advantages can be obtained using P-BGA, which employs 
wire bonding. 
As shown in FIG. 3, the present disclosure is also appli 

cable to high-speed transmission memory IO terminals of a 
multi-chip module (MCM) or a system-in-a-package (SiP), 
which includes a plurality of LSI elements. 
As described above, if a semiconductor device having the 

configuration of this embodiment is employed, two memories 
are provided at respective positions each corresponding to a 
data bus portion, whereby the data bus lengths can be mini 
mized and equalized. The address bus is divided into two 
branches (i.e., formed into a T-shape), and the address bus of 
the IO terminal, the ball terminal on the BGA package, and 
the address bus on the PCB can be arranged in substantially a 
straight line and connected together using an interconnect 
having a minimized length. As a result, if a terminating resis 
tor is added to only the T-branched portion of the address bus 
portion, or even if a terminating resistor is not provided, 
high-speed data transmission having a transmission rate of 
about 1.3 Gbps, which is similar to the DDR3 standard, can be 
achieved. Moreover, the interconnection region of the PCB 
can be reduced. Also, on the BGA package, interconnects 
(data buses and address buses) can be straightforwardly 
designed and the lengths thereof can be minimized, and there 
fore, can have an arrangement considerably advantageous to 
high-speed transmission. Therefore, a malfunction of a high 
speed transmission signal can be reduced or eliminated, 
whereby a semiconductor device having stable operation can 
be obtained, and therefore, an electronic apparatus having 
stable operation can be obtained. If a terminating resistor or 
an ODT function is not used, it is possible to remove power 
consumption of the terminating resistor portion and the ODT 
portion, whereby power consumption can be reduced. 
Note that Japanese Patent Publication No. H11-186326 

describes that a system LSI element is provided in and tilted 
relative to a package so that corresponding sides thereof are 
not parallel to each other. However, this is directed to a tech 
nique of reducing warpage of a large-size BGA package itself 
when the package is mounted on a PCB. 

Japanese Patent Publication No. H11-186326 does not 
describe the arrangement of IO terminals which is described 
herein. It is not considered that Japanese Patent Publication 
No. H11-186326 can provide high-speed data transmission 
without a malfunction. 

Second Embodiment 

FIG. 9 is a plan view schematically showing a semicon 
ductor device according to a second embodiment. This 
embodiment is different from the first embodiment in that an 
intermediate interposer 60 is provided between the system 
LSI element 1 and the BGA substrate 2. The difference from 
the first embodiment will be mainly described hereinafter. 
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In this embodiment, a reference character 61 indicates 
wires connecting the intermediate interposer 60 and the BGA 
substrate 2 together, a reference character 62 indicates a first 
data bus wire pad group provided on the intermediate inter 
poser 60, a reference character 63 indicates a second data bus 
wire pad group provided on the intermediate interposer 60, a 
reference character 64 indicates an address bus line path/ 
control signal line path wire pad group provided on the inter 
mediate interposer 60, a reference character 12 indicates a 
first data bus connecting the first data bus wire pad group 62 
and the first data IO terminal group 15 together, a reference 
character 13 indicates a second data bus connecting the sec 
ond data bus wire group 63 and the second data IO terminal 
group 16 together, and a reference character 14 indicates an 
address bus/control signal bus connecting the address IO 
terminal group/control signal IO terminal group 17 and the 
address bus wire pad group/control signal wire pad group 64. 
The system LSI 1 is mounted on the intermediate inter 

poser 60 by flip chip. At a portion of the intermediate inter 
poser 60 on which the address bus line path/control signal line 
path wire pad group 64 is provided, a corner of the rectangle 
is cut away so that the portion is Substantially parallel to the 
IO cell group 18 of the system LSI 1. The intermediate inter 
poser 60 and the BGA substrate 2 are electrically connected 
via the wires 61. A signal group interconnect 8 extending 
from the address IO terminal group/control signal IO terminal 
group 17 is extended in Substantially a straight line and con 
nected from the address bus line path/control signal line path 
wire pad group 64 provided on the intermediate interposer 60 
via the conductive wire 61 to the address ball group/control 
signal ball group 11 connected to the first and second memory 
elements 4 and 5. The intermediate interposer may be a so 
called silicon interposer made of silicon. The system LSI 1. 
the intermediate interposer 60, and the wires 61 on the BGA 
Substrate 2 are all enclosed and covered with an encapsulation 
resin 65. 

Third Embodiment 

In the second embodiment, the memory elements 4 and 5 
are provided on the PCB substrate 3 and are connected via the 
BGA substrate 2. Alternatively, a system-in-package (SiP) or 
package-on-package (POP) structure in which the memory 
elements 4 and 5 are provided on the BGA substrate 2 can be 
formed. FIG. 10 is a schematic plan view of a semiconductor 
device according to a third embodiment. In the semiconduc 
tor device of this embodiment, the ball groups 9, 10, and 11 of 
the second embodiment of FIG. 9 are not provided, and the 
memory elements 4 and 5 are directly provided on the BGA 
Substrate 2, and the signal line groups 12, 13, and 14, the wire 
pad groups 62,63, and 64, and the data bus groups 6, 7, and 8 
are connected together via the wires 61. Thus, an SiP or POP 
structure in which the memory elements 4 and 5 are provided 
on the BGA substrate 2 can be formed. 

Other Embodiments 

The above embodiments are intended only for illustrative 
purposes and are not intended to limit the present disclosure. 
For example, the shapes of the LSI and the BGA substrate are 
not limited to a rectangular plate and may be a polygonal 
plate. Such as a pentagonal plate, a hexagonal plate, etc. One 
address IO terminal group and one control signal IO terminal 
group may be provided on the LSI. Alternatively, one address 
IO terminal group and two control signal IO terminal groups 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
may be provided on the LSI with one control signal IO ter 
minal group being provided on one of opposite sides of the 
address IO terminal group. 

In the semiconductor devices of the embodiments, all inter 
face pins for transmitting and receiving a signal having a 
predetermined function are formed on an outer periphery at 
one side of a semiconductor integrated circuit element. The 
side is adjacent to two sides of the substrate which are not 
parallel to that side. In a region Surrounded by the three sides, 
electrode terminals for electrically connecting to the interface 
pins for transmitting and receiving a signal having a prede 
termined function are provided. Therefore, the length of abus 
between the semiconductor integrated circuit element and 
another semiconductor element provided outside the sub 
strate can be reduced. 

In the semiconductor devices of the embodiments, smooth 
data transmission can be provided between an LSI element on 
a BGA package and a memory element. Therefore, the 
present disclosure is useful for a semiconductor device (e.g., 
a BGA, an MCM, and an SiP) including a single or a plurality 
of LSIs, etc. 

What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor integrated circuit element; and 
a Substrate on which the semiconductor integrated circuit 

element is mounted, 
wherein 

the semiconductorintegrated circuit element is in the shape 
of a polygonal plate, 

the Substrate is in the shape of a polygonal plate, 
an interface pin or pins for transmitting and receiving a 

signal having a predetermined function of the semicon 
ductor integrated circuit element are formed on an outer 
periphery of the semiconductor integrated circuit ele 
ment along one side of the semiconductor integrated 
circuit element, 

the one side of the semiconductor integrated circuit ele 
ment is adjacent to two of sides of the substrate, the two 
sides being not parallel to the one side, and 

of electrode terminals provided on the substrate, an elec 
trode terminal or terminals electrically connected to the 
interface pin or pins for transmitting and receiving a 
signal having a predetermined function are provided 
between the one side of the semiconductor integrated 
circuit element and the two sides of the substrate. 

2. The semiconductor device of claim 1, wherein 
the interface pin or pins for transmitting and receiving a 

signal having a predetermined function are a plurality of 
memory data IO terminals, a plurality of control signal 
IO terminals, and a plurality of address IO terminals, and 
are arranged along the one side of the semiconductor 
integrated circuit element in the order of the memory 
data IO terminals, the control signal IO terminals, the 
address IO terminals, and the memory data IO terminals, 
or in the order of the memory data IO terminals, the 
control signal IO terminals, the address IO terminals, the 
control signal IO terminals, and the memory data IO 
terminals. 

3. The semiconductor device of claim 2, wherein 
of the electrode terminals, electrode terminals electrically 

connected to the address IO terminals are located at a 
corner portion formed by the two sides of the substrate, 
and electrode terminals electrically connected to the 
memory data IO terminals are located along the two 
sides with the corner portion being interposed therebe 
tWeen. 
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4. The semiconductor device of claim 2, wherein 
a line passing through the angle formed by the two sides of 

the Substrate and intersecting at right angles with the one 
side of the semiconductor integrated circuit element, 
passes through a region where the address IO terminals 5 
are located. 

5. The semiconductor device of claim 1, wherein 
the semiconductorintegrated circuit element is in the shape 

of a rectangular plate. 
6. An electronic device comprising: 10 
the semiconductor device of any one of claims 2-5; and 
two memory elements, 

wherein 
the two memory elements are adjacent to the two sides of 

the Substrate, and 15 
an interconnect between the address IO terminals and 

address bus terminals of the two memory elements has a 
T-branched shape. 

k k k k k 


